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Introduction 

• A little bit about me 
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Objectives of Internship 

• Learn and have fun! 

• Work to complete a project with the microbiology lab and assist 
in other areas as needed 
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Project Objective 


To measure an array of salivary hormones and cyotokines in 
healthy human adults to then correlate the levels of viral shedding 
and any changes in the microbiota of saliva which may have 

occurred due to stress. 
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Background 

• Stress has been shown to lead to immune dysfunction 

• Stress can be measured in multiple ways 

Blood 

Urine 

Saliva 

• Spaceflight is a stressful environment! 
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Background 

• Immune dysfunction can lead to latent virus shedding and 
reactivation 

Varicella zoster virus (can cause shingles) 

Epstein-Barr virus 
etc. 

• Potentially lead to major medical situations while on station 


National Aeronautics and Space Administration 


Salivary biomarkers for stress and immune dysfunction 


Various stressors associated with 
spaceflight acting through the 
hypothalamus-pituitary -adrenal 
(HPA)-axis is the basic mechanism 
involved. The HPA (brain and 
adrenal glands)-axis responding to 
stress increases the amount of 
stress hormones such as cortisol 
from the adrenal glands, and the 
resulting reduction in cellular 
immunity allows the viruses to 
emerge from their latent state into 
an active infectious agent. 


Stress Immune Response 



When the system 
is stressed, the 
Hypothalamus 
releases CRH to 
the Pituitary Gland 


The Pituitary Gland 
releases ACTH into 
the bloodstream, 
where it travels , 
to the Adrenal / 
Cortex / 


When the system is 
stressed, electrical 
impulses travel along 
the nervous system to 
the Adrenal Medulla A 


Stress hormones ~ 
contribute to immune 
^ dysregulation ^ 


The Adrenal Medulla 
releases Catacholamines 
(stress hormones) into 
the bloodstream 


The Adrenal Cortex 
releases Corticosteroids 
(stress hormones) into 
the bloodstream 


SAM 

Sympathetic Adrenal 
Medullary System 


SYSTEM 

STRESSORS 


HPA Axis 

Hypothalamus Pituitary 
Adrenal Axis 


* Increased reactivation of herpes virus 

* Allergies 

* Others 



Project Design 


• Subjects- 13 total 


Age groups: 

20-35yr old 36-50yr old 

51-70yr old 

Female 

3 

0 

3 

Male 

1 

2 

4 

Total: 

4 

2 

7 

Time Points- 12 for each subject 

6am 

Noon 

4pm 

Day 1 

13 

12 

12 

Day 2 

11 

12 

12 

Day 3 

12 

11 

12 

Day 4 

12 

12 

12 

Total: 

48 

47 

48 
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Methods 


• Saliva was collect by passive drool method, aliquoted, and 
frozen at -80° C 


• Multiple stress hormones were measured using Salimetrics 
assays 

• Viral shedding was measured by real-time PCR in DNA 
extracted samples 







Cytokines were measured in collaboration with Dr. Brian 
Crucian's lab 


Microbiota analysis was performed using 
illumina's MiSeq in collaboration 
with Dr. Doug Botkin 
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Cortisol (ug/dL) 


Results: Cortisol 
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Day 1 AM Noon PM Day 2 AM Noon PM Day 3 AM Noon PM Day 4 AM Noon PM 

Legend: Subjects (n=13) cortisol levels throughout four days of sample collection. Slight 
variation is seen between subjects but the overall trend is for cortisol levels to decrease 
throughout the day. 
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Cortisol (ug/dL) 


Results: Cortisol 



Legend: Subjects (n=13) cortisol levels averaged for each of the four days of sample 
collection. And the overall average (n=48) cortisol level throughout the day. 
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Cortisol (ug/dL) 


Results: Cortisol 


Gender 


Age 



-•-AVG (female) 
-•-AVG (male) 



-•-AVG (20-35) 
-•-AVG (36-50) 
-•-AVG (51-70) 


Legend: The overall average cortisol level throughout the day for females (n=24) and 
males (n=24). And for three different age groups, 20-35yr (n=16), 36-50yr (n=5), and 51- 
70yr (n=24). No difference was seen in salivary cortisol levels due to age or sex. 
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Results: DHEA 



AM Noon PM 


^^Day 1 
^^Day 2 
^^Day 3 
• Day 4 



AM Noon PM 


Legend: Subjects (n=13) DHEA levels averaged for each of the four days of sample 
collection. And the overall average (n=48) DHEA level throughout the day. 
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Results: DHEA 


Gender 


Age 




(female) 

(male) 



-•-AVG (20-35) 
-•-AVG (36-50) 
-•-AVG (51-70) 


AM Noon PM 


AM 


Noon PM 


. . iiiiiiiiiiiiimiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiii 

Legend: The overall average DHEA level throughout the day for females (n=24) 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
and males (n = 24). And for three different age groups, 20-35yr ( n = 1 6 ) , 36-50yr 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
(n=5), and 5l-70yr (n=24). No difference is seen in DHEA due to sex; however, 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
DHEA levels peak in the 36-50yr old group before drastically dropping after the 
iiiiiiiiiiiiiiiiiiiiiii 
age of 50. 
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Results: CortisokDHEA ratio 




AM Noon PM 


Legend: Subjects (n=13) cortisol:DHEA ratio averaged for each of the four days of 
sample collection. And the overall average (n=48) of cortisokDHEA ratio throughout the 
day. 


-•-AVG 
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mu 

17 


Results: CortisokDHEA ratio 



Gender 



AM Noon PM 


• AVG (female) 
-•-AVG (male) 


Age 



AM Noon PM 


-•-AVG (20-35) 
-•-AVG (36-50) 
-•-AVG (51-70) 


. . iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiin 

Legend: The overall average co r t i so l : DHEA ratio throughout the day for females 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

(n = 24) and males (n=24). And for three different age groups, 20-35yr ( n = 1 6 ) , 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

36-50yr (n=5), and 51-70yr (n=24). No difference is seen in cor t i so l : DHEA ratio 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

due to sex; however, the ratio appears to be higher in subjects over the age of 

iiiiiiiii 

50. 
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Results: a-amylase 
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. . iiiiiiiiiiiiiiiiiiiiiiiiiiiiiini . lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

Legend: Sub j ec t s (n=13) a-amylase concentrations averaged for each of the four 

iiiiiiTiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiin . 

days of sample collection. And the overall average (n=48) of Q-amyiase 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

concentration throughout the day. 
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Conclusion 

• Salivary cortisol levels begin high in the morning and decrease 
throughout the day; appear to be unaffected by age or gender 

• Salivary DHEA levels have a similar diurnal pattern as cortisol; 
levels peak in middle aged subjects and then significantly 
decline after the age of 50 

• The Cortisol:DHEA ratio has a more gradual decline throughout 
the day; ratio increases in subjects that are older than 50 

• Salivary a-amylase levels gradually increase through the day; 
levels become more consistent throughout the day in subjects 
that are over 50 years old 
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Conclusion 


• Data has been collected but not analyzed for salivary cytokines 

• EBV expression has been measured but not analyzed; VZV and 
CMV will also be measured 


Data on the microbiota of each saliva sample is currently 
underway 

Further samples and data collection on healthy 
adults are required to obtain a enough 
information to validate the preliminary findings 

This information will serve as a baseline of 
data for normal values that can be used to 
compare against samples obtained from 
astronauts 
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